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Figure S1: Protein purification.
(a) The MBP-HD fusion protein was purified via amylose-affinity chromatography. The UV profile Additional experiments with HD were performed against heparin. Heparin is structurally closely related HS albeit highly sulfated disaccharides are distributed rather homogeneously along the GAG chain without a distinct domain structure. A very similar catch bond signature for HD/heparin complexes in the force range between 12 and 16 pN was observed that compares well with the signature shown in Fig. 3 for HD/HS interaction. Approximation of the two state two path model yields k 1 = 0.36 −1 , k 2 = 0.17 −1 , x 1 = 1.04 and x 2 = 0.64 for the slip dissociation from the low force state S 1 and the high force state S 2 , respectively . Furthermore, the energy difference between both bound states was estimated as ΔE = 48.8 kJ/mol (≈ 20 k T) with a compliance length of x = 6.6 nm.
Predicting the probability density of observable dissociation forces in dynamic SMFS by experimental force clamp data
According to the Kramers-Bell-Evans model the dissociation rate of a non-covalent biomolecular bond under a constant external force is given by the term introduced as equation 6 in the main text.
In single molecule force clamp experiments one measures the complex life time ( ( ) = −1 ( )) with respect to the constant external force . Consequently, force clamp data can directly be approximated to this expression to extract the interaction length and the dissociation rate constant 0 . In the constant velocity approach the dissociation rate implicitly depends on the time as the external force itself evolves in time ( ( ) → ( ( ))). And in contrast to the force clamp approach, the experiment observable is the dissociation force of a biomolecular complex. As the unbinding is of stochastic nature a set of several dissociation events has to be acquired. When displaying the abundance of specific dissociation forces versus force e.g. as a normalized force histogram we get an experimental estimate of the probability density of dissociation forces. The peak of this density distribution is referred to as the most probable dissociation force .
In order to get a theoretical estimate of the observable dissociation forces we have to start with the differential equation introduced as equation 7 in the main text. As mentioned this term describes the time dependent bond survival probability.
This equation can be solved by separating the variables.
As the experiment observable is the force we have to apply the following substitution t → f.
Where the product of the effective spring constant and the pulling velocity is the loading rate .
Inserting equation supp 5 in equation supp 3 gives
By solving equation supp 6 one gets the probability at a given loading rate (pulling velocity) that a bond is intact until force is reached. The probability density of dissociation forces observed in dynamic SMFS is estimated by the negative force derivative of equation supp 6.
Equations supp 6 and supp 7 can be solved analytically with little effort for any bond whose dissociation rate can be expressed by equation supp 1. However, both expressions have to be solved numerically when introducing a dissociation rate that is a probability weighed superposition of several different rates just as derived in the main text in equation 5. 
